Large numbers of people, mostly in developing countries, rely on traditional medicines for their primary healthcare needs. This paper focuses on conservation of medicinal plants used for skin infections, one of the most common sources of health problems in Kenya. An ethnobotanical study was carried out in the Makueni district of southern Kenya to explore the utilization and conservation of medicinal plants used for skin infections and to determine whether levels of harvesting are sustainable. Data were collected through open-ended semi-structured questionnaires. Consensus, as a quantitative criterion, was used in recording field information. Participatory Rural Appraisal (PRA) was used in determining the community's conservation, plant use and healthcare needs. Descriptive statistics were used in data analysis. The research revealed that 34 plant species from 31 genera and 22 families were of ethnomedical interest in treating at least eight different skin infections. The study showed that seven plant species have become scarce due to over-exploitation. Successful propagation was, however, noted at some home gardens of individual herbal practitioners. It was concluded that there is a need for concerted efforts for conservation, as no single sector, private or public, can undertake the conservation of medicinal plants alone.
INTRODUCTION
Globally, approximately 85% of the traditional medicines used for primary healthcare are derived from plants (Hamilton 2004) . Since natural remedies are not only cheaper than modern medicines, but are often the only medicines available in remote rural regions (GTZ 2001) , the World Health Organization (WHO 2002) estimates that more than 80% of the world's population uses natural plant remedies and other related forms of traditional healing as their primary mode of healthcare. In Africa, plants have long been an indispensable source of both preventive and curative medicinal preparations for human beings (Hirt and M'Pia 1995; Dery et al. 1999) . Although there has been immense progress in synthetic chemistry and biotechnology, hundreds of plant species are recognized as being of therapeutic value (Lambert et al. 1997) .
In Kenya, traditional medicines play a major role in primary healthcare and upkeep of rural communities (Kokwaro 1988; Kisangau and Kokwaro 2004) . Over 70% of the Kenyan population relies on traditional medicine as their primary source of healthcare (Odera 1997) . Despite the role played by medicinal plants in supporting primary healthcare, many of these plants are subject to severe threats resulting from habitat deterioration, due mainly to anthropogenic activities. In Kenya, most of the rain forests have been cleared; currently, only patches remain. Only about 2% of Kenya's land area is covered with native forests and the 200,000 ha of Mount Kenya's forests comprise about 20% of these, being the most extensive and continuous natural forest block in the country (Emerton 1999) . Biodiversity is threatened by the lack of appropriate forest use, by the absence of benefit sharing mechanisms and by unsustainable harvesting practices (Bussmann 1996) . This situation impinges upon livelihood security. There is thus an urgent need for biodiversity conservation and a community-based forest management approach as a means towards sustainable development and maintenance of livelihoods in the area (Sayer and Campbell 2004) . Anthropogenic threats to medicinal plants or other culturally and economically important plants in the mountain forests have not been given due consideration in the academic literature.
Skin infections are among the most common health problems in both developed and developing countries (UMMC 2004) , and account for a notable morbidity and sometimes death in many parts of the world (WHO 1997) . Medicinal plants are an important source of treatment for skin diseases in less-developed countries. Based on an ethnobotanical field study carried out in the Makueni district of southern Kenya, the aim of this paper is to report on an investigation into medicinal plant remedies commonly used for the treatment of skin infections and to explore their utilization and levels of threat in the area. Furthermore, the paper attempts to determine whether levels of harvesting are sustainable. Where current harvesting levels are found to be unsustainable, recommendations are given for the conservation of medicinal plant biodiversity.
STUDY AREA
The Makueni district is one of the 13 districts in the Eastern Province of Kenya. There are 14 administrative divisions within Makueni district, with an area of 7440 km 2 ( Figure 1 ). Rainfall in the district is generally low and varies with altitude. The major land formations include the volcanic Chyulu Hills, rising to 2174 m. The only perennial river is the Athi River, which is joined by tributaries, such as the Kambu, Kiboko and Mtito-Andei, which drain from various parts of the district (ROK 2003 (ROK -2008 . The existing natural vegetation is mixed forest on the higher slopes, changing to Combretum woodland and grassland on the lower slopes and Acacia bushland and grassland on the lowest plains (Kisangau 1999) . The district is predominantly occupied by the Kamba tribe, whose native language is Kikamba. The Kamba are numerically Kenya's fourth-largest population group and comprise approximately 11% of Kenya's population. Based on 1995 estimates, the number of Kikamba speakers is around three million. The Kamba are agriculturalists, hunters, pastoralists and traders (Fedders and Salvadori 1979) . The provision of healthcare facilities in Makueni district is inadequate and the medical doctor to patient ratio is estimated to be 1:119,879. The district has 60 established healthcare facilities, of which five are hospitals, 30 are dispensaries and 25 are healthcare centres (ROK 2003 (ROK -2008 .
MATERIALS AND METHODS
Field research was carried out over one year (2004) (2005) . A total of 61 herbal practitioners (40 women and 21 men) were identified using the Participatory Rural Appraisal (PRA) approach described by Martin (1995) . Non-herbalist community members were asked to give names of the most renowned herbal practitioners within their locality. They were then asked to identify, in order of preference, the most entrusted practitioners with reference to their expertise in treating skin infections. This was successfully carried out with the kind assistance of local administrators (Asili) and health workers (Andu ma utheu). All 61 herbal practitioners were then interviewed in two groups, using open-ended semi-structured questionnaires. The first group was composed of 47 herbal practitioners (31 women and 16 men) who were interviewed individually and independently in their homes during pre-arranged appointments. The second group comprised 14 herbal practitioners (9 women and 5 men) who were interviewed through focus group discussions (FGDs) which were held at the chief camps (ofisi sya makivu). Two sets of FGDs were held: at the chief camps in Kako (Wote division) and Kikumbulyu (Kibwezi division). The first FGD constituted eight herbal practitioners (5 women and 3 men), while the second constituted six herbal practitioners (4 women and 2 men). In both the individual interviews and the FGDs, the same questionnaire was applied to obtain information on plants used in treating skin infections in the district. The information documented during the interviews and FGDs included local names of the plant species, harvesting methods, parts of the plants used, preparation, administration and the kind of skin diseases treated. This information was captured using a portable tape recorder. During the interviews and FGDs, the respondents freely expressed their views concerning the challenges they faced in their herbal practice as well as in their efforts to conserve medicinal plants.
Field excursions were carried out with the help of traditional herbalists. A monetary token was given to the herbalists as compensation for their time spent during the research period. Plant materials were collected and voucher specimens were deposited at the East African Herbarium and Nairobi University. All collected voucher specimens were identified by Simon Mathenge and Patrick Mutiso of the Nairobi University herbarium. Information based on personal observations was also recorded.
An interviewing criterion similar to that used by Nzioka (1991) was used to determine local threat levels to individual plant species. Based on this criterion, all 61 herbal practitioners were asked to give names of the plant species which, in their own view and experience, had either become scarce or had now disappeared, and the probable reasons for their scarcity or disappearance. Consequently, priority plant species in need of urgent conservation were determined. Descriptive statistics were used to present the basic statistical implications of the data.
RESULTS AND DISCUSSION

The role of traditional medicines
The herbal practitioners stated that the most prevalent skin infections were abscesses and boils, with incidences of 32% and 19%, respectively ( Figure  2 ). The practitioners noted the persistent resistance of certain skin infections, particularly boils, to conventional drugs, whereas they can be successfully managed using herbal preparations. More than 70% of the practitioners stated that they had successfully treated boils which had previously been treated as surgery cases in conventional health centres. This shows the potential for utilizing herbal medicines as an alternative for the treatment of skin infections.
The use of herbal remedies to manage and treat skin infections, as well as other illnesses, is very popular in the study area. Many respondents noted that certain illnesses and infections, such as boils, could not be cured in conventional clinics but could be managed easily with natural therapies. Other non-herbalist respondents testified that, after attending clinical health centres for a long time without improvement in their conditions, they had resorted to herbal remedies and that these had cured them. There were also cases where conventional medical practitioners would refer difficult cases to traditional healers. In most cases, our field research revealed that herbal medicines are commonly used as first aid for skin infections as well as for other disease conditions. Thus, traditional medicines complement conventional medicines in the management of diseases in the district.
A total of 34 species of medicinal plants, from 31 genera and 22 families, used in the treatment of various skin infections were recorded (Table 1) . Species from the families Solanaceae, Fabaceae, Lamiaceae and Euphorbiaceae were the most frequently recorded. These herbal medicines were mainly prepared using six methods: boiling, soaking in cold water, drying in the sun and pounding, burning, roasting, and direct extract or sap extraction. Soaking in cold water was the most frequently used preparation method (32% of citations by respondents), followed by boiling (25%), drying in the sun and pounding (20%), burning (10%), direct extract or sap extraction (10%), and roasting (3%). The most common forms of drug administration were infusions, decoctions, ointments and paste applications. With respect to the parts of the plants that are used, leaves were the most frequently used plant part, followed by roots and the bark or stem (Figure 3) .
More than 80% of the herbal practitioners interviewed during the study were aged between 60 and 80 years old. Thus, the majority of healers from whom a great deal of ethno-medical knowledge is derived are elderly. Most practitioners lack apprentices, mainly because of the rural-urban migration of many young people who move to urban centres in search of better livelihoods. The young people therefore do not have the time to spend with the older generation for apprenticeships on herbal knowledge. This puts the art of herbal medicine at risk because as the older people die, so does their legacy on traditional medicine (Sofowora 1982; Kokwaro 1993) . Moreover, most of the young people have been educated such that they are not only ignorant of herbal medicine, but perceive the whole field as archaic and not pertinent to contemporary society, as well as considering it a form of witchcraft (Kisangau 1999) . Thus, there is a persistent gap in knowledge of herbal practice between the younger and older generations. Nevertheless, the older practitioners are recognized by the local community as being competent to provide healthcare, using plant, animal and mineral substances, based on the social and cultural background of the local society (Sofowora 1982; Kokwaro 1993; Kisangau 1999) . The advantages of such medicines include the low cost, and an element of self-reliance and non-dependency on government health institutions (Miller 1980; Kisangau 1999) .
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Medicinal plant gathering and its impact on biodiversity
Field research in this study has shown that most of the plants used in traditional healthcare are collected from the wild, and only a few have been domesticated. Our field observations, further revealed that the medicinal plants harvested from the wild were being over-exploited. Unregulated and poor harvesting methods were among the most important factors found to contribute to overexploitation and decreasing availability of medicinal plant resources. The most destructive methods of collection employed by the practitioners, as well as other community members, were: ring-barking or total debarking; uprooting of whole plants; and cutting whole plants. Some traditional healers believed that medicinal plants are god-given, and therefore that the supply is everlasting. However, some were less optimistic, and felt the forest should be well managed to preserve medicinal plant resources. In addition to unregulated and poor harvesting methods, other causes of over-exploitation of medicinal plants were identified in the study area:
• Forest clearance for agriculture and settlement;
• Uncontrolled burning and livestock grazing;
• Competing resource uses, such as timber logging and commercial harvesting for export;
• Extraction for use in the pharmaceutical industry.
Such practices have decreased the supply of popular and effective herbal medicines, while demand continues to grow. The decline was confirmed by the finding that the herbal practitioners now have to travel long distances to collect the same kind of plants they used to collect within the vicinity of their homesteads only a few years ago. For example, over half of the interviewees claimed that they now have to travel 3 to 5 km to obtain Zanha africana and Fagaropsis hildebrandtii, which were locally available some 15 years ago. We further noted that some species, which are heavily utilized in domestic healthcare, are also the most popular for trading, both within and outside the district. Examples are Ximenia americana, Aloe secundiflora, and Zanha africana. Interviews with the practitioners revealed that medicinal plant gatherers are able to report which species are becoming difficult to find because of habitat destruction, overexploitation, or limited geographical distribution.
Consequently, priority plant species in need of urgent conservation were determined: seven medicinal plants can be classified as having become rare or threatened due to over-exploitation for medicinal purposes (Table 2) .
Cultivation
Only 21% of herbal practitioners interviewed cultivated important medicinal plants near or in their home gardens to ensure replenishment, availability and proximity of species that have become rare and require traveling long distances to collect them. Medicinal plants cultivated in home gardens are: Aloe secundiflora, Euphorbia gossypina, Lippia javanica, Kalanchoe densiflora and Plectranthus pseudomarubioides. While these species were found to do well when cultivated, others, particularly hardwoods, present problems because of: These four factors posed the greatest challenges to the local practitioners, even when they sincerely wished to cultivate the plants. Some practitioners argued that it was an abomination to artificially cultivate any plant growing naturally, and this was equivalent to inviting diseases into the family. This kind of belief prevented them from cultivating the plants, even when some were species that could easily be grown.
CONCLUSIONS
In the study area, with few exceptions, traditional medicinal plants are gathered from the wild. A major issue of concern is that bark and roots are harvested from most plants, which may indicate potentially high impacts on the long-term survival of the species. Concerns are likely to be magnified by the extensive commercial trade and sale of medicinal plant parts by market vendors. Consequently, some species are now highly threatened. This calls for urgent conservation measures. If the current, uncontrolled collection of medicinal plants is not regulated, many species will soon disappear from the wild. It is, therefore, of crucial importance to rural communities that information on the appropriate methods for cultivating medicinal plants is disseminated and that training is provided on sustainable harvesting methods.
On-farm cultivation trials of identified priority species have been started by some traditional herbal practitioners, with the aim of replenishing the disappearing resources. This is one of the most viable ways to ensure availability and sustainability of medicinal plant resources. However, plant cultivation by the practitioners is constrained by the lack of appropriate technologies, as well as cultural beliefs. There is, therefore, a need to train the herbalists to use cheap and appropriate propagation techniques for medicinal plants so as to sustain supply. Awareness campaigns on the importance of cultivating medicinal plants should be carried out at grassroots level, particularly to dispel beliefs that impede people from cultivating the plants (e.g. the belief that 'cultivating medicinal plants is equivalent to inviting diseases into the family').
As this study has shown, nearly all of the elderly herbal practitioners are unable to pass on their herbal knowledge to the young generation because of a lack of interest in this younger group. We would therefore encourage the mobilization of herbal practitioners to form conservation groups, as this might be a positive step towards transmission of their wealth of knowledge, and towards ensuring long-term conservation and sustainable use of medicinal plants.
